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PROJECTION EXPOSURE APPARATUS, 
PROJECTION EXPOSURE METHOD, AND 
METHOD FOR PRODUCING DEVICE 

CROSS-REFERENCE 

[0001] This application is a Continuation Application of 
International Application No. PCT/JP2004/014430 Which 
Was ?led on Sep. 24, 2004 claiming the conventional 
priority of Japanese patent Application No. 2003-336888 
?led on Sep. 29, 2003. 

BACKGROUND OF INVENTION 

[0002] 
[0003] The present invention relates to a projection expo 
sure method and an apparatus to be used for transferring a 
mask pattern onto a photosensitive substrate in the lithog 
raphy step in order to produce a device including, for 
example, semiconductor devices, image pickup devices (for 
example, CCD), liquid crystal display devices, and thin ?lm 
magnetic heads. In particular, the present invention relates to 
a projection exposure apparatus and a method using the 
liquid immersion method. 

[0004] 2. Description of the Related Art 

1. Field of the Invention 

[0005] A projection exposure apparatus is used, for 
example, When a semiconductor device is produced, in 
Which an image of a pattern on a reticle as a mask is 

transferred to respective shot areas on a Wafer (or a glass 
plate or the like) coated With a resist as a photosensitive 
substrate via a projection optical system. A reduction pro 
jection type projection exposure apparatus (stepper), Which 
is based on the step-and-repeat system, has been hitherto 
frequently used as the projection exposure apparatus. HoW 
ever, a projection exposure apparatus, Which is based on the 
step-and-scan system, is also Widely used recently to per 
form the exposure by synchronously scanning the reticle and 
the Wafer. 

[0006] As for the resolution of the projection optical 
system provided for the projection exposure apparatus, As 
the exposure Wavelength to be used is shorter, the resolution 
becomes higher, While as the numerical aperture of the 
projection optical system is larger, the higher the resolution 
becomes higher. Therefore, the exposure Wavelength, Which 
is used for the projection exposure apparatus, is shortened 
year by year as the integrated circuit becomes ?ne and 
minute, and the numerical aperture of the projection optical 
system is increased as Well. The exposure Wavelength, 
Which is dominantly used at present, is 248 nm of the KrF 
excimer laser. HoWever, the exposure Wavelength of 193 nm 
of the ArF excimer laser, Which is shorter than the above, has 
been already practically used as Well. 

[0007] When the exposure is performed, the depth of 
focus (DOF) is also important in the same manner as the 
resolution. The resolution R and the depth of focus 6 are 
represented by the folloWing expressions respectively. 

R=k1-7\/NA (1) 

6=k2-7\/NA2 (2) 

[0008] In the expressions, 7» represents the exposure Wave 
length, NA represents the numerical aperture of the projec 
tion optical system, and k1 and k2 represent the process 
coef?cients. According to the expressions (1) and (2), the 
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folloWing fact is appreciated. That is, When the exposure 
wavelength 7» is shortened and the numerical aperture NA is 
increased in order to enhance the resolution R, then the 
depth of focus 6 is narroWed. Conventionally, in the case of 
the projection exposure apparatus, the surface of the Wafer 
is adjusted to match the image plane of the projection optical 
system in the auto-focus manner to perform the exposure. 
HoWever, it is impossible to adjust and match the Wafer 
surface and the image plane With no error at all. Therefore, 
it is desirable that the depth of focus 6 is large so that no 
in?uence is exerted on the image formation performance 
even When any error remains to some extent. In vieW of the 
above, for example, the phase shift reticle method, the 
modi?ed illumination method, and the multilayer resist 
method have been hitherto suggested in order to substan 
tially increase the depth of focus as Well. 

[0009] As described above, in the case of the conventional 
projection exposure apparatus, the depth of focus is gradu 
ally decreased, as the exposure light beam has the shorter 
Wavelength, and the numerical aperture of the projection 
optical system is increased. In order to respond to the further 
higher integration of the semiconductor integrated circuit, 
the investigation is also made to further shorten the exposure 
Wavelength. If such a situation is continued as it is, then the 
depth of focus is excessively decreased, and it is feared that 
the margin may be insufficient during the exposure opera 
tion. 

[0010] Accordingly, the liquid immersion method has 
been suggested as a method for substantially shorten the 
exposure Wavelength and increase the depth of focus. In this 
method, the space betWeen the loWer surface of the projec 
tion optical system and the Wafer surface is ?lled With a 
liquid such as pure Water or any organic solvent so that the 
resolution is improved and the depth of focus is magni?ed 
about n times by utiliZing the fact that the Wavelength of the 
exposure light beam in the liquid is 1/n as compared With 
that in the air (n represents the refractive index of the liquid, 
Which is about 1.2 to 1.6 in ordinary cases). A technique, 
Which is described, for example, in International Publication 
No. 99/49504, is exempli?ed as a conventional technique 
concerning the projection exposure apparatus and the expo 
sure method to Which the liquid immersion method is 
applied. 

[0011] In the liquid immersion method as described above, 
for example, the pure Water or the organic solvent is used as 
the liquid With Which the space betWeen the loWer surface of 
the projection optical system and the Wafer surface is ?lled. 
Any one of the liquids, Which is used in this method, has the 
high electric insulation. For example, the ultrapure Water, 
Which is used in the semiconductor production factory, has 
a speci?c resistance of about 15 MQ-cm Which is high. The 
liquid, Which has the high insulation as described above, 
tends to be charged With the static electricity due to the 
friction With the piping and/ or the cavitation generated in the 
ori?ce provided in the piping passage When the liquid is 
made to How through the piping passage. If the liquid, Which 
is charged With the static electricity, is used for the liquid 
immersion method, it has been feared that the electric 
discharge may be caused betWeen the liquid and the circuit 
pattern having been already formed on the Wafer, and the 
circuit pattern may be destroyed. Further, if the electric 
discharge is caused betWeen the liquid and any object other 
than the circuit pattern, it has been feared that the electric 
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equipment, Which is arranged around the projection optical 
system or around the Wafer, may malfunction due to the 
electric noise generated during the electric discharge, and 
the projection exposure apparatus may cause any error 
and/or the projection exposure apparatus may be stopped. 
Further, the charged liquid attracts surrounding impurities 
by the static electricity. Therefore, the impurities may inhibit 
the exposure in some cases. 

SUMMARY OF THE INVENTION 

[0012] The present invention has been made taking the 
foregoing vieWpoints into consideration, an object of Which 
is to provide a projection exposure apparatus Which makes 
it possible to avoid the malfunction of the apparatus and the 
destruction of the circuit pattern caused by the charging of 
the liquid to be used for the liquid immersion method. 
Another object of the present invention is to provide a 
projection exposure method and a method for producing a 
device, in Which it is possible to avoid the destruction of the 
circuit pattern and the malfunction of the apparatus. 

[0013] According to a ?rst aspect of the present invention, 
there is provided a projection exposure apparatus Which 
transfers a pattern formed on a mask (R) onto a substrate 
(W) through a liquid (7); the projection exposure apparatus 
comprising a projection optical system (PL) Which projects 
an image of the pattern onto the substrate; and an electricity 
removal unit (40 to 48) Which removes electricity from the 
liquid to be supplied to a space betWeen the projection 
optical system and a surface of the substrate. 

[0014] According to the projection exposure apparatus of 
the present invention, the liquid, from Which the electricity 
has been removed, can be supplied to the space betWeen the 
projection optical system and the substrate. Therefore, it is 
possible to prevent the circuit pattern formed on the sub 
strate from being destroyed by the electric discharge of the 
static electricity. Further, it is possible to prevent the electric 
equipment arranged around the projection optical system 
and the substrate from malfunctioning due to the electric 
discharge of the static electricity. In this arrangement, the 
electricity removal unit (40 to 43) may have an electricity 
removing ?lter (40a, 41a, 42a, 4311) Which is provided in a 
How passage of a liquid supply piping (21, 22, 27, 28) for 
supplying the liquid to the space betWeen the projection 
optical system and the surface of the substrate, and Which is 
grounded. The electricity-removing ?lter may be formed of 
a conductive metal foam or a conductive mesh member. 
Accordingly, the static electricity, With Which the liquid is 
charged, can be removed from the liquid made to pass 
through the electricity-removing ?lter. The exposure appa 
ratus may further comprise a liquid supply unit Which 
supplies the liquid to the space betWeen the projection 
optical system and the surface of the substrate. In this 
arrangement, the liquid supply unit may be provided With 
the electricity removal unit. When the projection exposure 
apparatus is a step-and-repeat type projection exposure 
apparatus, the liquid supply unit may supply the liquid in a 
direction in Which the substrate is subjected to stepping. On 
the other hand, When the projection exposure apparatus is a 
step-and-scan type projection exposure apparatus, the liquid 
supply unit may supply the liquid in a scanning direction. 

[0015] According to a second aspect of the present inven 
tion, there is provided a projection exposure apparatus 
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Which transfers a pattern formed on a mask (R) onto a 
substrate (W) through a liquid (7); the projection exposure 
apparatus comprising: 

[0016] a projection optical system (PL) Which projects an 
image of the pattern onto the substrate; and 

[0017] an electricity removal unit (40 to 46) Which 
removes electricity from the liquid intervened betWeen the 
projection optical system and a surface of the substrate. 

[0018] In this arrangement, the electricity removal unit 
may have an electrode member (44) Which is provided in an 
optical element (4) of the projection optical system opposed 
to the substrate. The projection exposure apparatus may 
have an electricity-removing ?lter (40a, 40c, 40d, 41a, 41c, 
41d, 45a, 45b, 46a, 46b) Which is provided in at least one of 
a supply port (21b to 21d, 22b to 22d) of a liquid supply 
piping (21, 22, 27, 28) for supplying the liquid and a 
recovery port (23b, 23c, 24b, 240) of a liquid recovery 
piping (23, 24, 29, 30) for recovering the liquid. Accord 
ingly, the electricity can be removed even in a state in Which 
the space betWeen the optical element and the substrate is 
?lled With the liquid. Therefore, the liquid can be prevented 
from being charged during the exposure and/or during the 
movement of the substrate. 

[0019] According to a third aspect of the present inven 
tion, there is provided a projection exposure method for 
irradiating a mask (R) With an exposure light beam (IL) and 
projecting a pattern formed on the mask (R) onto a substrate 
(W) through a liquid (7) With a projection optical system 
(PL), the projection exposure method comprising: 

[0020] 
[0021] a step of supplying the liquid to a space betWeen 
the projection optical system (PL) and a surface of the 
substrate (W). 

a step of removing electricity from the liquid; and 

[0022] Accordingly, the static electricity is removed from 
the liquid With Which the space betWeen the projection 
optical system and the surface of the substrate is ?lled. It is 
possible to avoid the malfunction of the projection exposure 
apparatus and the destruction of the circuit pattern Which is 
feared to be caused by the electric discharge of the static 
electricity. The step of removing the electricity may be 
performed prior to the step of supplying the liquid. In this 
procedure, the liquid may be made to pass through an 
electricity-removing ?lter in the step of supplying the liquid 
to the space betWeen the projection optical system and the 
surface of the substrate. The electricity-removing ?lter may 
be provided at an end portion of a liquid supply tube for 
supplying the liquid to the space betWeen the projection 
optical system and the surface of the substrate. The liquid 
supplied to the space betWeen the projection optical system 
and the surface of the substrate may be caused to make 
contact With a conductive member in the step of removing 
the electricity from the liquid. 

[0023] According to a fourth aspect of the present inven 
tion, there is provided a method for producing a device, 
comprising a lithography step, Wherein the projection expo 
sure apparatus according to any one of the aspects described 
above is used to perform exposure in the lithography step. 

[0024] Accordingly, it is possible to avoid the destruction 
of the circuit pattern Which is feared to be caused by the 
electric discharge of the static electricity. Therefore, the 



US 2006/0164617 A1 

yield of the device to be produced is improved, and it is 
possible to avoid the malfunction of the projection exposure 
apparatus Which Would be otherWise caused by the electric 
discharge of the static electricity. Therefore, it is possible to 
maintain the high processing ability. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 shoWs a schematic arrangement illustrating 
a projection exposure apparatus to be used in a ?rst embodi 
ment of the present invention. 

[0026] FIG. 2 shoWs an arrangement of supply ports, 
recovery ports, and electricity removal units in the X direc 
tion in the ?rst embodiment of the present invention. 

[0027] FIG. 3 shoWs an arrangement of supply ports, 
recovery ports, and electricity removal units in the X direc 
tion and the Y direction in the ?rst embodiment of the 
present invention. 

[0028] FIG. 4 shoWs an arrangement of supply ports, 
recovery ports, and electricity removal units in a second 
embodiment of the present invention. 

[0029] FIG. 5 shoWs an arrangement of supply ports, 
recovery ports, and electricity removal units in a third 
embodiment of the present invention. 

[0030] FIG. 6 shoWs the operation to be performed during 
the scanning exposure in the third embodiment of the 
present invention. 

[0031] FIG. 7 shoWs a How chart illustrating exemplary 
steps of producing a semiconductor device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF THE INVENTION 

[0032] An exemplary preferred embodiment of the present 
invention Will be explained beloW With reference to FIGS. 1 
to 3 by Way of example. In this embodiment, the present 
invention is applied to a projection exposure apparatus based 
on the step-and-repeat system. 

First Embodiment 

[0033] FIG. 1 shoWs a schematic arrangement of the 
projection exposure apparatus of this embodiment. With 
reference to FIG. 1, a pattern formed on a reticle R is 
illuminated With an exposure light beam IL composed of an 
ultraviolet pulse light beam having a Wavelength of 193 nm 
radiated from an illumination optical system 1 Which 
includes, for example, an ArF excimer laser light source as 
an exposure light source, an optical integrator (homog 
eniZer), a ?eld diaphragm, and a condenser lens. The pattern 
on the reticle R is reduced and projected onto an exposure 
area on a Wafer W coated With a photoresist at a predeter 
mined projection magni?cation [3 ([3 is, for example, 1A or 1/s) 
via a projection optical system PL Which is telecentric on the 
both sides (or on one side on the side of the Wafer W). Those 
appropriately usable as the exposure light beam IL include, 
for example, the KrF excimer laser beam (Wavelength: 248 
nm), the F2 laser beam (Wavelength: 157 nm), and the i-ray 
(Wavelength: 365 nm) of the mercury lamp. The description 
Will be made beloW assuming that the Z axis extends in 
parallel to the optical axis AX of the projection optical 
system PL, the Y axis extends perpendicularly to the sheet 
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surface of FIG. 1 in the plane perpendicular to the Z axis, 
and the X axis extends in parallel to the sheet surface of 
FIG. 1. 

[0034] The reticle R is held on a reticle stage RST. A 
mechanism, Which ?nely moves the reticle R in the X 
direction, the Y direction, and the direction of rotation, is 
incorporated into the reticle stage RST. The tWo-dimen 
sional position and the angle of rotation of the reticle stage 
RST are measured in real-time by a laser interferometer (not 
shoWn). A main control system 14 positions the reticle R on 
the basis of an obtained measured value. 

[0035] On the other hand, the Wafer W is ?xed on a Z stage 
9 Which controls the angle of inclination and the focus 
position (position in the Z direction) of the Wafer W by the 
aid of a Wafer holder (not shoWn). A conductive coating is 
applied to the Wafer holder in order to prevent the Wafer 
from being charged. The Wafer holder is grounded by the aid 
of an unillustrated ground Wire. The Z stage 9 is ?xed on an 
XY stage 10 Which is movable along the XY plane that is 
substantially parallel to the image plane of the projection 
optical system PL. The XY stage 10 is placed on a base 11. 
The Z stage 9 controls the angle of inclination and the focus 
position (position in the Z direction) of the Wafer W so that 
the surface of the Wafer W is adjusted to match the image 
plane of the projection optical system PL in the auto-focus 
manner and the auto-leveling manner. The XY stage 10 
positions the Wafer W in the X direction and the Y direction. 
The two-dimensional position and the angle of rotation of 
the Z stage 9 (Wafer W) are measured in real-time as the 
position of a movement mirror 12 by a laser interferometer 
13. Control information is fed from the main control system 
14 to a Wafer stage-driving system 15 on the basis of an 
obtained result of the measurement, on the basis of Which 
the Wafer stage-driving system 15 controls the operation of 
the Z stage 9 and the XY stage 10. During the exposure, the 
operation, in Which each of shot areas on the Wafer W is 
successively step-moved to the exposure position and 
exposed With the image of the pattern of the reticle R, is 
repeated in the step-and-repeat manner. 

[0036] In this embodiment, the liquid immersion method 
is applied in order that the exposure Wavelength is substan 
tially shortened to improve the resolution, and the depth of 
focus is substantially increased. Therefore, the space 
betWeen the surface of the Wafer W and the end surface 
(loWer surface) of a lens 4 of the projection optical system 
PL opposed to the Wafer W is ?lled With a predetermined 
liquid 7 at least during the period in Which image of the 
pattern of the reticle R is being transferred onto the Wafer W. 
The projection optical system PL includes a barrel 3 for 
accommodating the other optical system and the lens 4 
thereof. The projection optical system PL is constructed 
such that the liquid 7 makes contact With only the lens 4. 
Accordingly, the barrel 3 formed of metal is prevented from 
any corrosion or the like. 

[0037] The projection optical system PL includes a plu 
rality of optical elements including the lens 4, and the lens 
4 is attached detachably (exchangeably) to the loWermost 
portion of the barrel 3. In this embodiment, the optical 
element Which is disposed most closely to the Wafer W and 
Which is opposed to the Wafer W, i.e., the optical element 
Which makes contact With the liquid 7 is the lens. HoWever, 
the optical element is not limited to the lens. The optical 
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element may be an optical plate (for example, parallel ?at 
plate or plane parallel plate) Which is usable to adjust the 
optical characteristics of the projection optical system PL 
including, for example, the aberration (for example, spheri 
cal aberration and comatic aberration). On the other hand, 
the surface of the optical element to make contact With the 
liquid 7 is dirtied, for example, due to the adhesion of 
scattered particles generated from the resist by being irra 
diated With the exposure light beam or any impurity in the 
liquid 7. Therefore, it is necessary to periodically exchange 
the optical element. HoWever, When the optical element to 
make contact With the liquid 7 is the lens, then the cost is 
expensive for the exchange part, and a long period of time 
is required for the exchange. As a result, the maintenance 
cost (running cost) is increased, and the throughput is 
loWered. Accordingly, the optical element, Which makes 
contact With the liquid 7, may be, for example, a plane 
parallel plate Which is cheaper than the lens 4. In this 
arrangement, it is enough that the plane parallel plate is 
merely exchanged immediately before supplying the liquid 
7 even When any substance (for example, any silicon-based 
organic matter), Which deteriorates, for example, the trans 
mittance of the projection optical system PL, the illumi 
nance of the exposure light beam on the Wafer W, and the 
uniformity of the illuminance distribution, is adhered to the 
plane parallel plate, for example, during the transport, the 
assembling, and/or the adjustment of the projection expo 
sure apparatus. An advantage is also obtained such that the 
exchange cost is loWered as compared With the case in Which 
the optical element to make contact With the liquid 7 is the 
lens. 

[0038] When the optical element, Which is disposed most 
closely to the Wafer W and Which is opposed to the Wafer W, 
is the optical plate, it is necessary that the space betWeen the 
optical plate and an optical element (lens 4) disposed second 
most closely to the Wafer W With respect to the optical 
element is also ?lled With the liquid 7. Accordingly, the 
effect of the liquid immersion method can be sufficiently 
obtained such that the resolution is improved and the depth 
of focus is substantially increased. In this arrangement, a 
liquid supply piping and a liquid recovery piping, Which 
e?fect liquid communication With respect to the space 
betWeen the optical plate and the lens 4, may be connected 
to the side Wall of the projection optical system. 

[0039] In this embodiment, for example, pure Water is 
used as the liquid 7. Pure Water is advantageous in that pure 
Water is available in a large amount With ease, for example, 
in the semiconductor production factory, and pure Water 
exerts no harmful in?uence, for example, on the optical lens 
and the photoresist on the Wafer W. Further, pure Water 
exerts no harmful in?uence on the environment, and the 
content of impurity is extremely loW. Therefore, it is also 
expected to obtain the function to Wash the surface of the 
Wafer W and the surface of the lens 4. On the other hand, in 
the case of pure Water, the speci?c resistance is high, and the 
electric insulation is high. Therefore, pure Water has such a 
property that pure Water tends to be charged With the static 
electricity, for example, due the friction generated When 
pure Water ?oWs through a resin piping as an insulator and 
the cavitation generated at an ori?ce portion. 

[0040] It is approved that the refractive index n of pure 
Water (Water) With respect to the exposure light beam having 
a Wavelength of about 193 nm is approximately 1.44, When 
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pure Water is used as the liquid 7. Therefore, the Wavelength 
of 193 nm of the ArF exciter laser beam is shortened on the 
Wafer W by 1/n, i.e., to about 134 nm, and a high resolution 
is obtained. Further, the depth of focus is magni?ed about n 
times, i.e., about 1.44 times as compared With the value 
obtained in the air. Therefore, When it is enough to secure an 
approximately equivalent depth of focus as compared With 
the case of the use in the air, it is possible to further increase 
the numerical aperture of the projection optical system PL. 
Also in this vieWpoint, the resolution is improved. 

[0041] The liquid 7 is supplied onto the Wafer W via a 
predetermined liquid supply piping 21 in a temperature 
controlled state by a liquid supply unit 5 including, for 
example, a tank for the liquid, a pressuriZing pump, and a 
temperature control unit. The liquid 7 is recovered from the 
surface of the Wafer W via a predetermined liquid recovery 
piping 23 by a liquid recovery unit 6 including, for example, 
a tank for the liquid and a suction pump. The temperature of 
the liquid 7 is set, for example, approximately identically 
With the temperature in the chamber in Which the projection 
exposure apparatus of this embodiment is accommodated. 
The liquid supply piping 21 is principally constructed of a 
supply tube 21a and a supply port 21b. One end of the 
supply tube 21a is connected to the liquid supply unit 5, and 
the other end is connected to the supply port 21b. The supply 
port 21b has an end portion Which is formed to be thin. The 
supply ports 21b, 22b are arranged to interpose the end 
portion of the lens 4 of the projection optical system PL in 
the X direction (see FIG. 2). An electricity removal unit 40, 
Which removes the electricity from the liquid 7, is provided 
for the liquid supply piping 21. The electricity removal unit 
40 is principally constructed of an electricity-removing ?lter 
40a and a ground Wire 40b. The electricity-removing ?lter 
40a, Which is provided in the How passage of the supply tube 
21a, is grounded via the ground Wire. The electricity 
removal unit 40 Will be described in detail later on. On the 
other hand, the liquid recovery piping 23 is principally 
constructed of a recovery tube 23a and recovery ports 23b, 
230. One end of the recovery tube 23a is connected to the 
liquid recovery unit 6, and the other end is branched into tWo 
portions Which are connected to the recovery ports 23b, 230 
(see FIG. 2). Further, one set of supply port 22b and 
recovery ports 24b, 240, Which are arranged at positions 
obtained by rotating those of one set of supply port 21a and 
recovery ports 23b, 230 by approximately 180°, are also 
disposed. Furthermore, tWo sets of supply ports and recov 
ery ports, Which are disposed to interpose the end portion of 
the lens 4 in the Y axis direction, are arranged as Well (see 
FIG. 3). 
[0042] FIG. 2 shoWs the positional relationship among the 
end portion 4A of the lens 4 of the projection optical system 
PL shoWn in FIG. 1, the Wafer W, and the tWo sets of the 
supply ports and the recovery ports to interpose the end 
portion 4A in the X direction. With reference to FIG. 2, the 
supply port 21b is arranged on the side in the +X direction 
of the end portion 4A, and the recovery ports 23b, 230 are 
arranged on the side in the —X direction respectively. Each 
of the recovery ports 23b, 230 is arranged in an open sector 
form With respect to the axis Which passes through the center 
of the end portion 4A and Which is parallel to the X axis. 
Another set of the supply port 22b and the recovery ports 
24b, 240 are arranged at positions obtained by rotating those 
of the set of the supply port 21b and the recovery ports 23b, 
230 by approximately 180°. The supply port 22b is con 
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nected to the liquid supply unit 5 via the supply tube 22a. 
The recovery ports 24b, 240 are connected to the liquid 
recovery unit 6 via the recovery tube 24a. The liquid supply 
piping 22 is principally constructed of the supply tube 22a 
and the supply port 22b. The liquid recovery piping 24 is 
principally constructed of the recovery tube 24a and the 
recovery ports 24b, 240. 

[0043] The electricity removal units 40, 41 are provided 
for the liquid supply pipings 21, 22 respectively. Each of the 
electricity removal units 40, 41 is principally constructed of 
the electricity-removing ?lter 40a, 41a formed of a conduc 
tive metal foam, and the ground Wire 40b, 41b. The elec 
tricity-removing ?lter 40a, 41a is provided in the How 
passage of the supply tube 21a, 22a, and the electricity 
removing ?lter 40a, 41a is grounded via the ground Wire 
40b, 41b. Each of the electricity-removing ?lters 40a, 41a is 
formed of the conductive metal foam including, for 
example, porous copper and aluminum and so on. When the 
liquid 7 is made to pass through the metal foam, then the 
static electricity, With Which the liquid 7 has been charged, 
is recovered by the electricity-removing ?lter 40a, 41a, and 
the static electricity is discharged to the ground by the aid of 
the ground Wire 40b, 41b. That is, the electricity can be 
removed from the liquid 7 by the electricity-removing ?lter 
40a, 41a. In this arrangement, it is desirable that the elec 
tricity-removing ?lter 40a, 41a is provided as closely as 
possible to the supply port 21b, 22b, for the folloWing 
reason. That is, it is intended to prevent the liquid 7 from 
being charged again after the liquid 7 passes through the 
electricity-removing ?lter 40a, 41a and is supplied onto the 
Wafer W. 

[0044] FIG. 3 shoWs the positional relationship among the 
end portion 4A of the lens 4 of the projection optical system 
PL shoWn in FIG. 1 and the tWo sets of the supply ports and 
the recovery ports to interpose the end portion 4A in the Y 
direction. With reference to FIG. 3, the supply port 27b is 
arranged on the side in the +Y direction of the end portion 
4A. The supply port 27b is connected to the liquid supply 
unit 5 via the supply tube 27a. In this arrangement, the liquid 
supply piping 27 is principally constructed of the supply 
tube 27a and the supply port 27b. On the other hand, the 
recovery ports 29b, 290 are arranged on the side in the —Y 
direction of the end portion 4A respectively. The recovery 
ports 29b, 290 are connected to the liquid recovery unit 6 via 
the recovery tube 29a. In this arrangement, the liquid 
recovery piping 29 is principally constructed of the recovery 
tube 29a and the recovery ports 29b, 290. Another set of the 
supply port 28b and the recovery ports 30b, 300 are arranged 
at positions obtained by rotating those of the set of the 
supply port 27b and the recovery ports 29b, 290 by approxi 
mately 180°. The supply port 28b is connected to the liquid 
supply unit 5 via the supply tube 28a. The recovery ports 
30b, 300 are connected to the liquid recovery unit 6 via the 
recovery tube 30a. These components construct main por 
tions of the liquid supply piping 28 and the liquid recovery 
piping 29 respectively. The liquid supply unit 5 supplies the 
temperature-controlled liquid to the space betWeen the Wafer 
W and the end portion 4A of the lens 4 via at least one of the 
liquid supply pipings 21, 22, 27, 28. The liquid recovery unit 
6 recovers the liquid via at least one of the liquid recovery 
pipings 23, 24, 29, 30. Electricity removal units 42, 43 are 
also provided for the liquid supply pipings 27, 28 Which 
supply the liquid 7 in the Y direction. Speci?cally, the 
electricity-removing ?lters 42a, 4311 are provided for the 
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supply tubes 27a, 28a, and the electricity-removing ?lters 
42a, 43a are grounded via the ground Wires 42b, 43b, 
respectively. Accordingly, the electricity can be removed 
even When the liquid 7 is supplied in the Y direction. 

[0045] Next, an explanation Will be made about the opera 
tion of the projection exposure apparatus of this embodi 
ment. The main control system 14 (see FIG. 1) stores an 
exposure recipe corresponding to a semiconductor device to 
be produced. Necessary operations are instructed to the 
respective sections, for example, on the basis of the best 
focus position and the exposure energy recorded in the 
exposure recipe. An unillustrated Wafer transport system 
transports the Wafer W onto the unillustrated Wafer holder 
?xed on the Z stage 9, on the basis of the instruction supplied 
from the main control system 14. The reticle stage RST 
positions the reticle R, and the Wafer stage-driving system 
15 positions the Wafer W by using the Z stage 9 and the XY 
stage 10. Concurrently With the positioning operation, the 
liquid supply unit 5 supplies the liquid 7 to the liquid supply 
pipings 21, 22, 27, 28 on the basis of the instruction from the 
main control system 14. The electricity is removed from the 
liquid 7 by the electricity-removing ?lters 40a, 41a, 42a, 
4311 provided for the liquid supply pipings 21, 22, 27, 28. 
The liquid 7, from Which the electricity has been removed, 
is supplied to the space betWeen the Wafer W and the lens 4 
of the projection optical system PL to ?ll the space betWeen 
the lens 4 and the Wafer W thereWith. After the reticle R and 
the Wafer W are positioned at the predetermined positions, 
and the space betWeen the lens 4 and the Wafer W is ?lled 
With the liquid 7, the illumination optical system 1 radiates 
the illumination light beam IL to expose the ?rst shot area 
on the Wafer W With image of the pattern of the reticle R. 
When the exposure is completed for the ?rst shot area, the 
Wafer W is step-moved by the XY stage 10 to the position 
at Which the next shot area is to be exposed. The liquid 
supply unit 5 and the liquid recovery unit 6 supply and 
recover the liquid 7 simultaneously during the movement of 
the Wafer W by appropriately selecting the liquid supply 
piping and the suitable liquid recovery piping depending on 
the direction of the step movement. The liquid 7 is retained 
in the space betWeen the lens 4 and the Wafer W. The step 
movement is thereafter repeated (step-and-repeat) to per 
form the exposure for all of the shot areas on the Wafer W. 
As described above, in the case of the projection exposure 
apparatus of this embodiment, the liquid 7 is subjected to the 
removal of electricity before the liquid 7 is supplied to the 
space betWeen the lens 4 and the Wafer W. Therefore, it is 
possible to avoid the occurrence of the inconvenience Which 
Would be otherWise caused, for example, such that the 
electric discharge is caused on the Wafer W by the charged 
liquid 7, the pattern formed on the Wafer W is destroyed, 
and/or the peripheral equipment malfunctions. 
[0046] An explanation Will be made in further detail beloW 
about the method for supplying and recovering the liquid 7 
during the step movement of the Wafer W. With reference to 
FIG. 2, When the Wafer W is step-moved in the direction of 
the arroW 25A indicated by the solid line (—X direction), the 
liquid supply unit 5 supplies the liquid 7 to the space 
betWeen the Wafer W and the end portion 4A of the lens 4 
via the liquid supply piping 21. In this situation, the liquid 
7 is gradually charged With the static electricity by the 
friction With the interior of the liquid supply unit 5 and/ or the 
piping as the liquid 7 ?oWs through the supply tube 2111 
and/or by the cavitation generated at the ori?ce provided in 
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the piping passage. As a result, liquid 7 is in the charged 
state. The liquid 7, Which is in the charged state, passes 
through the electricity-removing ?lter 40a provided in the 
supply tube 21a of the liquid supply piping 21. The elec 
tricity-removing ?lter 40a is formed of the conductive metal 
foam, Which is grounded (earthed) by the ground Wire 40b. 
Accordingly, the static electricity is recovered and dis 
charged to the ground When the liquid 7 passes through the 
electricity-removing ?lter 40a. Thus, the electricity is 
removed from the liquid 7. Therefore, the liquid 7, Which is 
not charged, is supplied to the space betWeen the Wafer W 
and the lens 4. 

[0047] The liquid recovery unit 6 recovers the liquid 7 
from the surface of the Wafer W by the aid of the liquid 
recovery piping 23. In this situation, the liquid 7 ?oWs on the 
Wafer W in the direction of the arroW 25B (—X direction). 
The space betWeen the Wafer W and the lens 4 is stably ?lled 
With the liquid 7. 

[0048] On the other hand, When the Wafer W is step 
moved in the direction of the arroW 26A indicated by the 
tWo-dot chain line (+X direction), then the liquid supply unit 
5 supplies the liquid 7 to the space betWeen the Wafer W and 
the end portion 4A of the lens 4 by using the liquid supply 
piping 22, and the liquid recovery unit 6 recovers the liquid 
7 by using the liquid recovery piping 24. Prior to the supply 
of the liquid 7, the electricity is removed from the liquid 7 
by the electricity-removing ?lter 4111 provided in the supply 
tube 22a of the liquid supply piping 22. The supplied liquid 
7 ?oWs on the Wafer W in the direction of the arroW 26B (+X 
direction). The space betWeen the Wafer W and the lens 4 is 
?lled With the liquid 7. 

[0049] As described above, in the case of the projection 
exposure apparatus of this embodiment, the liquid 7, from 
Which the electricity has been removed by the electricity 
removing ?lters 40a, 41a, is supplied to the space betWeen 
the Wafer W and the lens 4. Therefore, it is possible to avoid 
the destruction of the circuit pattern formed on the Wafer W 
caused by the electric discharge of the static electricity and 
the malfunction of the apparatus arranged around the Z stage 
9 and the XY stage 10 and the projection optical system PL. 

[0050] The tWo sets of the supply ports and the recovery 
ports, Which are mutually inverted in the X direction, are 
provided, and the electricity-removing ?lters are provided in 
the How passages of the respective liquid supply pipings. 
Therefore, even When the Wafer W is moved in any one of 
the +X direction and the —X direction, the space betWeen the 
Wafer W and the lens 4 can be stably and continuously ?lled 
With the liquid 7 from Which the electricity has been 
removed. Even When any foreign matter (including scattered 
particles from the resist) is adhered onto the Wafer W, the 
foreign matter can ?oWed out With the liquid 7, because the 
liquid 7 ?oWs on the Wafer W. No surrounding impurity is 
attracted by the static electricity, because the electricity has 
been removed from the liquid 7 by the electricity removal 
units 40, 41. Further, the liquid 7 is adjusted to have the 
predetermined temperature by the liquid supply unit 5. 
Therefore, the temperature is adjusted for the surface of the 
Wafer W, and it is possible to avoid the decrease in the 
overlay accuracy or the like Which Would be otherWise 
caused by the thermal expansion of the Wafer due to the heat 
generated during the exposure. Therefore, even When any 
time difference arises betWeen the alignment and the expo 
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sure as in the alignment based on the EGA (Enhanced Global 
Alignment) system, it is possible to avoid the decrease in the 
overlay accuracy Which Would be otherWise caused by the 
thermal expansion of the Wafer. In the case of the projection 
exposure apparatus of this embodiment, the liquid 7 ?oWs in 
the same direction as the direction of the movement of the 
Wafer W. Therefore, it is possible to recover the liquid Which 
has absorbed the foreign matter and the heat, Without 
alloWing the liquid to stay on the exposure area disposed just 
beloW the end portion 4A of the lens 4. 

[0051] When the Wafer W is step-moved in the Y direc 
tion, the liquid 7 is supplied and recovered in the Y direction. 
That is, When the Wafer is step-moved in the direction of the 
arroW 31A indicated by the solid line in FIG. 3 (—Y 
direction), then the liquid supply unit 5 supplies the liquid 
via the supply tube 27a and the supply port 27b, and the 
liquid recovery unit 6 recovers the liquid by using the 
recovery tube 29a and the recovery ports 29b, 290. The 
liquid ?oWs in the direction of the arroW 31B (—Y direction) 
on the exposure area disposed just beloW the end portion 4A 
of the lens 4. When the Wafer is step-moved in the +Y 
direction, the liquid is supplied and recovered by using the 
supply tube 28a, the supply port 28b, the recovery tube 30a, 
and the recovery ports 30b, 300. The liquid ?oWs in the +Y 
direction on the exposure area disposed just beloW the end 
portion 4A. Accordingly, even When the Wafer W is moved 
in any one of the +Y direction and the —Y direction, the 
space betWeen the Wafer W and the end portion 4A of the 
lens 4 can be ?lled With the liquid 7, in the same manner as 
in the case in Which the Wafer W is moved in the X direction. 
Also in this case, the electricity is removed from the liquid 
7 by the electricity removal units 42, 43 provided for the 
liquid supply pipings 27, 28. 

[0052] The supply and recovery ports are not limited only 
to the supply port and the recovery port for supplying and 
recovering the liquid 7 in the X direction and the Y direction. 
For example, a supply port and a recovery port for supplying 
and recovering the liquid 7 in any oblique direction may be 
provided, and the electricity-removing ?lter may be pro 
vided for the liquid supply piping thereof. 

[0053] The electricity removal unit 40, 41, 42, 43 of the 
projection exposure apparatus of this embodiment is con 
structed such that the electricity-removing ?lter 40a, 41a, 
42a, 43a is provided for the supply tube 21a, 22a, 27a, 28a, 
respectively. HoWever, it is alloWable that the electricity 
removing ?lter 40a, 41a, 42a, 43a is provided at any 
position provided that the position is included in the How 
passage of the liquid supply piping 21, 22, 27, 28. HoWever, 
if the route to be folloWed after the liquid passes through the 
electricity-removing ?lter is long, it is feared that the liquid 
7 may be charged again. Therefore, it is desirable that the 
electricity-removing ?lter is provided on the doWnstream 
side of the liquid supply piping as much as possible. For 
example, the electricity-removing ?lter can be provided at 
the supply port 21b, 22b, 27b, 28b. In this arrangement, the 
supply port and the electricity-removing ?lter may be con 
structed as an integrated body. It is also alloWable that a 
plurality of electricity-removing ?lters are provided in the 
How passage of the liquid supply piping. 

[0054] In this embodiment, the electricity-removing ?lter 
is formed of the metal foam. HoWever, there is no limitation 
to the metal foam provided that the electricity-removing 
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?lter is constructed so that the conductive material and the 
liquid 7 make contact With each other. For example, the 
electricity-removing ?lter may be composed of a conductive 
metal mesh. Alternatively, at least a part of the supply tube 
21a, 22a, 27a, 2811 may be formed of a conductive material. 
When the supply tube made of the conductive material or the 
metal mesh is used for the electricity-removing ?lter, then 
the electricity-removing ?lter can be constructed simply as 
compared With the case in Which the metal foam is used, and 
it is possible to decrease the tube passage resistance When 
the liquid 7 ?oWs. Alternatively, the inner Wall of the liquid 
supply piping (as Well as the liquid recovery piping) may be 
subjected to the coating With an antistatic agent. 

Second Embodiment 

[0055] Next, a second embodiment of the present inven 
tion Will be explained With reference to FIG. 4. In the 
description of the second embodiment of the present inven 
tion, the constitutive components, Which are the same as or 
equivalent to those of the ?rst embodiment, are designated 
by the same reference numerals, any explanation of Which 
Will be omitted. 

[0056] FIG. 4 shoWs the positional relationship among the 
end portion 4A of the lens 4 of the projection optical system 
PL shoWn in FIG. 1, and each tWo sets, i.e., four sets in total 
of the supply ports and the recovery ports Which interpose 
the end portion 4A in the X direction and the Y direction. As 
shoWn in FIG. 4, an electrode member 44 is formed on the 
loWer surface of the lens 4 in this embodiment. The electrode 
member 44 is a conductor Which is formed by means of the 
vapor deposition on a part of the surface of the lens 4. The 
electrode member 44 is formed in a circular Zonal form at 
the position at Which the exposure light beam is not inhibited 
and the electrode member 44 makes contact With the liquid 
7 When the space betWeen the lens 4 and the Wafer W is ?lled 
With the liquid 7, outside the exposure range of the end 
portion 4A of the lens 4 in this embodiment. That is, the 
conductor is formed as an annular member Which is coaxial 
With the optical axis of the lens 4. The electrode member 44 
is grounded (earthed) via an unillustrated ground Wire. The 
electricity-removing ?lters 40a, 41a, 42a, 4311 are provided 
for the supply tubes 21a, 22a, 27a, 28a of the liquid supply 
pipings 21, 22, 27, 28 respectively. The electricity-removing 
?lters 40a, 41a, 42a, 4311 are grounded (earthed) via the 
unillustrated ground Wires. Accordingly, the liquid 7, from 
Which the electricity has been removed, can be supplied to 
the space betWeen the lens 4 and the Wafer W by using the 
electricity-removing ?lters 40a, 41a, 42a, 43a. Further, the 
electricity can be removed from the liquid 7 Which is in a 
state of being retained betWeen the lens 4 and the Wafer W, 
by using the electrode member 44. In other Words, the 
electricity is removed by the electricity-removing ?lters 40a, 
41a, 42a, 43a before the supply of the liquid 7, and the 
electricity is removed by the electrode member 44 after the 
supply of the liquid 7. Further, according to this arrange 
ment, the electricity can be removed from the liquid 7 during 
the exposure as Well. Therefore, the electricity can be 
removed quickly even When the liquid 7 is charged during 
the exposure. Further, the electricity can be removed quickly 
even When the liquid 7 is charged during the alignment 
and/or during the step movement. In this embodiment, the 
electricity-removing ?lters 40a, 41a, 42a, 4311 are provided 
for the liquid supply pipings 21, 22, 27, 28, and the electrode 
member 44 is provided at the end portion 4A of the lens 4. 
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HoWever, it is also possible to provide only the electrode 
member 44 Without providing any electricity-removing ?l 
ter. Also in this arrangement, the electricity can be removed 
from the liquid 7 in the state of being retained betWeen the 
lens 4 and the Wafer W. 

[0057] It is also alloWable that an auxiliary plane plate, 
Which has the same height as that of the surface of the Wafer 
W, is arranged around the Wafer W on the Z stage 9, and the 
electrode member is provided on the auxiliary plane plate. 
Accordingly, the liquid 7 can be retained betWeen the Z 
stage 9 and the lens 4 even on the auxiliary plane plate 
disposed outside the Wafer W. Therefore, the electricity can 
be removed from the liquid 7 by moving the electrode 
member provided on the Z stage 9 to the position beloW the 
lens 4. When the liquid 7 is present on the Wafer W, the 
electricity cannot be removed from the liquid 7 disposed on 
the Wafer W even When the Wafer W is grounded via the 
Wafer holder, because the resist, With Which the Wafer W is 
coated, is usually an insulator. HoWever, When a Wafer W, 
Which is coated With a conductive resist, is used, the 
electricity can be removed, because the liquid 7 is grounded 
via the conductive resist, the Wafer W, and the Wafer holder. 

Third Embodiment 

[0058] Next, a third embodiment of the present invention 
Will be explained With reference to FIG. 5. In this embodi 
ment, the present invention is applied to a case of the 
exposure With a projection exposure apparatus based on the 
step-and-scan system, i.e., the so-called scanning type pro 
jection exposure apparatus. Also in this embodiment, the 
space betWeen the lens 4 and the surface of the Wafer W is 
?lled With the liquid 7 during the scanning exposure by 
applying the liquid immersion method. The supply and the 
recovery of the liquid 7 are performed by a liquid supply unit 
5 and a liquid recovery unit 6 respectively. The electricity is 
removed from the liquid 7 by electricity removal units 40, 41 
provided for liquid supply pipings 21, 22. In the description 
of this embodiment, the constitutive components, Which are 
the same as or equivalent to those of the ?rst and second 
embodiments, are designated by the same reference numer 
als, any explanation of Which Will be omitted. 

[0059] FIG. 5 shoWs the positional relationship among an 
end portion 4B of a lens 4 of a projection optical system PL 
and supply ports and recovery ports for supplying and 
recovering the liquid 7 in the X direction. In the case of the 
scanning type projection exposure apparatus of this embodi 
ment, the lens 4, Which is disposed at the loWermost end of 
the projection optical system PL, has the end portion 4B 
Which is subjected to the cutting to have a rectangular shape 
that is long in the Y direction (non-scanning direction) and 
has a necessary portion for the scanning exposure. The three 
supply ports 21b to 21d are arranged on the side in the +X 
direction, and the tWo recovery ports 23b, 230 are arranged 
on the side in the —X direction so that the end portion 4B of 
the lens 4 of the projection optical system PL is interposed 
betWeen the supply ports 21b to 21d and the recovery ports 
23b, 230. 

[0060] The supply ports 21b to 21d are connected to the 
liquid supply unit 5 via a supply tube 21a. The recovery 
ports 23b, 230 are connected to the liquid recovery unit 6 via 
a recovery tube 23a. The supply ports 22b to 22d and the 
recovery ports 24b, 240 are arranged at positions obtained by 
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rotating those of the supply ports 21b to 21d and the 
recovery ports 23b, 230 by approximately 180°. The supply 
ports 21b to 21d and the recovery ports 24b, 240 are 
arranged alternately in the Y direction. The supply ports 22b 
to 220 and the recovery ports 23b, 230 are arranged alter 
nately in the Y direction. The supply ports 22b to 22d are 
connected to the liquid supply unit 5 via a supply tube 22a. 
The recovery ports 24b, 240 are connected to the liquid 
recovery unit 6 via a recovery tube 24a. 

[0061] The electricity removal unit 40 is provided for the 
liquid supply piping 21. The electricity removal unit 40 is 
principally constructed of electricity-removing ?lters 40a, 
40c, 40d Which are provided at the supply ports 21b to 21d 
as the How passages of the liquid supply piping 21, and a 
ground Wire 40b Which is connected to the electricity 
removing ?lters. Similarly, the electricity removal unit 41, 
Which is provided for the liquid supply piping 22, is prin 
cipally constructed of electricity-removing ?lters 41a, 41c, 
41d Which are provided at the supply ports 22b to 22d as the 
How passages of the liquid supply piping 22, and a ground 
Wire 41b Which is connected to the electricity-removing 
?lters. Each of the electricity-removing ?lters 40a, 40c, 40d, 
41a, 41c, 41d is formed of a conductive metal foam, Which 
is grounded via the ground Wire 40b, 41b. 

[0062] In the projection exposure apparatus of this 
embodiment, electricity removal units 45, 46 are also pro 
vided for the liquid recovery pipings 23, 24. Speci?cally, 
electricity-removing ?lters 45a, 45b, 46a, 46b are provided 
at the recovery ports 23b, 23c, 24b, 240, respectively as the 
How passages of the liquid recovery pipings 23, 24, Which 
are grounded via lead Wires 45c, 460, respectively. 

[0063] Next, an explanation Will be made about the expo 
sure operation of the scanning type exposure apparatus of 
this embodiment. During the scanning exposure, a part of 
image of the pattern of the reticle is projected onto the 
rectangular exposure area disposed just beloW the end 
portion 4B. The reticle (not shoWn) is moved at a velocity V 
in the —X direction (or in the +X direction) With respect to 
the projection optical system PL, in synchronization With 
Which the Wafer W is moved at a velocity [3~V ([3 represents 
the projection magni?cation) in the +X direction (or in the 
—X direction) by the aid of the XY stage 10. After the 
completion of the exposure for one shot area, the next shot 
area is moved to the scanning start position in accordance 
With the stepping of the Wafer W. The exposure is succes 
sively performed for the respective shot areas thereafter in 
the step-and-scan manner. 

[0064] When the scanning exposure is performed While 
moving the Wafer W in the scanning direction (—X direction) 
indicated by the solid line arroW, then the liquid 7 is supplied 
by using the supply tube 21a, the supply ports 21b to 21d 
While removing the electricity from the liquid by using the 
electricity-removing ?lters 40a, 40b, 40d, and the liquid 7 is 
recovered by using the recovery tube 23a, the recovery ports 
23b, 230, While removing the electricity from the liquid by 
using the electricity-removing ?lters 45a, 45b. The liquid 7 
is made to How in the —X direction so that the space betWeen 
the lens 4 and the Wafer W is ?lled thereWith. On the other 
hand, When the scanning exposure is performed While mov 
ing the Wafer W in the direction (+X direction) indicated by 
the tWo-dot chain line arroW, then the liquid 7 is supplied by 
using the supply tube 22a, the supply ports 22b to 22d, While 
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removing the electricity from the liquid by using the elec 
tricity-removing ?lters 41a, 41b, 41d, and the liquid 7 is 
recovered by using the recovery tube 24a, the recovery ports 
24b, 240, While removing the electricity from the liquid by 
using the electricity-removing ?lters 46a, 46b. The liquid 7 
is made to How in the +X direction so that the space betWeen 
the lens 4 and the Wafer W is ?lled thereWith. 

[0065] FIG. 6 shoWs a state of the supply ports 21b to 21d, 
the recovery ports 23b, 23c, and the liquid 7 during the 
scanning exposure. In FIG. 6, the Wafer W is moved in the 
—X direction indicated by the solid line arroW. In the 
scanning exposure apparatus of this embodiment, the liquid 
is supplied and recovered also during the scanning exposure 
as described above. Therefore, at least one of the supply 
ports 21b to 21d and the recovery ports 23b, 23c alWays 
makes contact With the liquid 7 With Which the space 
betWeen the lens 4 and the Wafer W is ?lled. 

[0066] As described above, according to the scanning type 
exposure apparatus of this embodiment, the liquid 7, Which 
exists betWeen the lens 4 and the Wafer W, makes contact 
With at least any one of the supply ports 21b to 21d and the 
recovery ports 23b, 230 during the scanning exposure. 
Therefore, the electricity can be removed in the state in 
Which the space betWeen the lens 4 and the Wafer W is ?lled 
With the liquid 7, by the electricity-removing ?lter 40a, 40c, 
40d provided for the supply port 21b to 21d or the electric 
ity-removing ?lter 45a, 45b provided for the recovery port 
23b, 230. According to this arrangement, the electricity can 
be alWays removed from the liquid 7 during the scanning 
exposure. Therefore, it is possible to prevent the liquid 7 
from being charged during the exposure. It is possible to 
avoid the inconvenience including, for example, the destruc 
tion of the circuit pattern formed on the Wafer W caused by 
the electric discharge of the static electricity, and the mal 
function of the equipment arranged around the projection 
optical system PL, the Z stage 9, and the XY stage 10. 

[0067] This embodiment is constructed such that the elec 
tricity-removing ?lters are provided for the liquid supply 
piping and the liquid recovery piping. HoWever, it is also 
alloWable that an electrode member is formed at the end 
portion 4B of the lens 4 to remove the electricity from the 
liquid 7 in the state in Which the space betWeen the lens 4 
and the Wafer W is ?lled With the liquid 7, in the same 
manner as in the second embodiment. 

[0068] The projection exposure apparatus of this embodi 
ment is constructed such that the electricity-removing ?lters 
are provided for both of the supply ports 21b to 21d, 22b to 
22d and the recovery ports 23b, 23c, 24b, 240. However, it 
is also alloWable that the electricity-removing ?lter may be 
provided for any one of them. In this embodiment, the tWo 
recovery ports are provided for one liquid recovery piping 
each, and the electricity-removing ?lter is provided for each 
of them. HoWever, it is also alloWable that the electricity 
removing ?lter is provided for only any one of the tWo 
recovery ports. Even in this arrangement, it is possible to 
reliably remove the electricity from the liquid 7. Further, it 
is also alloWable that at least one of the supply ports and the 
recovery ports may be made of a conductive material, and 
may not have any electricity-removing ?lters. Even in this 
simple arrangement, at least one of the supply ports and the 
recovery ports Work as a part of the electricity removable 
unit because of its electric conductivity, and it is possible to 
remove the electricity from the liquid 7. 
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[0069] The numbers and the shapes of the supply ports and 
the recovery ports are not speci?cally limited. For example, 
it is also allowable that the liquid 7 is supplied and recovered 
With tWo sets of the supply ports and the recovery ports for 
the long side of the end portion 4B. In this arrangement, the 
supply ports and the recovery ports may be arranged While 
being aligned vertically in order to successfully supply and 
recover the liquid 7 in any one of the directions of the +X 
direction and the —X direction. When the Wafer W is 
step-moved in the Y direction, it is desirable that the liquid 
supply piping and the liquid recovery piping for supplying 
and recovering the liquid 7 in the Y direction are provided, 
in the same manner as in the ?rst embodiment. Also in this 
case, the electricity-removing ?lter as described above may 
be provided for the liquid supply piping and/or the liquid 
recovery piping. Accordingly, it is possible to avoid the 
charging of the liquid caused upon the liquid supply When 
the step movement is performed, and it is possible to start the 
scanning exposure for the next shot area by the aid of the 
liquid from Which the electricity has been removed. 

[0070] In the respective embodiments described above, 
the liquid, Which is to be used as the liquid 7, is not 
speci?cally limited to pure Water. It is possible to use liquids 
(for example, cedar oil) Which have the transmittance With 
respect to the exposure light beam, Which have the refractive 
index as high as possible, and Which are stable against the 
photoresist coated on the surface of the Wafer and the 
projection optical system. 

[0071] A ?uorine-based inert liquid, Which is chemically 
stable, i.e., Which has a high transmittance With respect to 
the exposure light beam, and Which is a safe liquid, may be 
used as the liquid 7. For example, it is possible to use 
Fluorinert (trade name of 3M of the United States) as the 
?uorine-based inert liquid. In particular, When the F2 laser 
beam is used as the exposure light beam, a ?uorine-based 
liquid such as ?uorine-based oil and per?uoropolyether 
(PFPE), through Which the F2 laser beam is transmissive, 
may be used as the liquid. The ?uorine-based inert liquid as 
described above is also excellent in the cooling ef?ciency. In 
vieW of the object of the present invention, it is also 
alloWable that an arbitrary additive is added in order to 
prevent the liquid from being charged. For example, When 
pure Water is used as the liquid 7, it is possible to suppress 
pure Water from being charged, by injecting carbon dioxide 
into pure Water. 

[0072] The liquid 7, Which is recovered in each of the 
embodiments described above, may be reused. In this case, 
it is desirable that a ?lter, Which removes any impurity from 
the recovered liquid 7, is provided, for example, for the 
liquid recovery unit or the recovery tube. 

[0073] It is enough that the range, in Which the liquid 7 is 
alloWed to How, is set to cover the entire area of the 
projection area (irradiation area of the exposure light beam) 
of image of the pattern of the reticle, and it is enough that 
the siZe thereof is arbitrary. HoWever, it is desirable that the 
range is made to be as small as possible While making the 
range to be slightly larger than the exposure area as in each 
of the embodiments described above, in vieW of the control 
of, for example, the How velocity and the How rate. It is 
dif?cult to recover all of the supplied liquid by the recovery 
port. Therefore, for example, it is desirable that a partition 
Wall is formed to surround the Wafer, and a piping for 
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recovering the liquid contained inside the partition Wall is 
further provided in order that the liquid does not over?oW 
from the surface of the Z stage. 

[0074] In each of the embodiments described above, the 
liquid 7 is alloWed to How in the direction of the movement 
of the Wafer W @(Y stage 10). HoWever, it is not necessarily 
indispensable that the direction, in Which the liquid 7 is 
alloWed to How, is coincident With the direction of the 
movement. That is, the direction, in Which the liquid 7 is 
alloWed to How, may intersect the direction of the move 
ment. For example, When the Wafer W is moved in the +X 
direction, it is appropriate that the liquid 7 is made to How 
in such a direction that the velocity component of the liquid 
7 in the —X direction is Zero or not more than a predeter 
mined alloWable value. Accordingly, When the Wafer is 
exposed in the step-and-repeat manner or the step-and-scan 
manner (both including the step-and-stitch manner), if the 
direction of the movement is frequently changed in a short 
period of time (for example, about several hundreds ms), 
then the direction, in Which the ?uid is made to How, can be 
controlled While folloWing the change, and it is possible to 
?ll the space betWeen the projection optical system and the 
Wafer With the liquid. In order to improve the throughput in 
the scanning type projection exposure apparatus based on 
the step-and-scan system, the movement of the XY stage is 
controlled so that both of the velocity components of the XY 
stage in the scanning direction and the non-scanning direc 
tion are not Zero during the movement of the Wafer betWeen 
the shot areas, i.e., the stepping of the XY stage (movement 
in the non-scanning direction) is started during the decel 
eration of the XY stage (before the velocity component in 
the scanning direction becomes Zero) after the completion of 
the scanning exposure for one shot area, and that the 
acceleration of the XY stage is started before the completion 
of the stepping (for example, during the deceleration of the 
XY stage before the velocity component in the non-scanning 
direction becomes Zero) in order to perform the scanning 
exposure for the next shot area. Even in such a situation, the 
direction, in Which the liquid is made to How, can be 
controlled depending on the direction of the movement of 
the Wafer, and the space betWeen the projection optical 
system and the Wafer can be ?lled With the liquid. 

[0075] When the optical element of the projection optical 
system PL, Which is disposed most closely to the Wafer W, 
is the optical plate, it is desirable that the electricity is also 
removed from the liquid 7 to be supplied to the space 
betWeen the optical plate and the optical element (lens 4) 
disposed second most closely to the Wafer W With respect to 
the above. 

[0076] When the liquid immersion method is used as 
described above, the numerical aperture NA of the projec 
tion optical system PL is 0.9 to 1.3 in some cases. When the 
numerical aperture NA of the projection optical system PL 
is large as described above, it is desirable to use the 
polariZed illumination, because With the random polariZed 
light Which has been hitherto used as the exposure light 
beam, the image formation performance is deteriorated due 
to the polariZation effect in some cases. In this case, it is 
appropriate that the linear polarized illumination, Which is 
adjusted to the longitudinal direction of the line pattern of 
the line-and-space pattern of the reticle R, is effected so that 
the diffracted light of the S-polariZed light component 
(component in the polarization direction along With the 
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longitudinal direction of the line pattern) is dominantly 
alloWed to outgo from the pattern of the reticle R. When the 
space betWeen the projection optical system PL and the 
resist coated on the surface of the Wafer W is ?lled With the 
liquid, the di?fracted light of the S-polariZed light compo 
nent, Which contributes to the improvement in the contrast, 
has the high transmittance on the resist surface, as compared 
With the case in Which the space betWeen the projection 
optical system PL and the resist coated on the surface of the 
Wafer W is ?lled With the air (gas). Therefore, it is possible 
to obtain the high image formation performance even When 
the numerical aperture NA of the projection optical system 
PL exceeds 1.0. Further, it is more effective to appropriately 
combine, for example, the phase shift mask and the oblique 
incidence illumination method (dipole illumination method) 
as disclosed in Japanese Patent Application Laid-open No. 
6-1 881 69. 

[0077] Further, it is also effective to use the combination 
of the oblique incidence illumination method and the polar 
iZed illumination method in Which the linear polariZation is 
effected in the tangential (circumferential) direction of the 
circle having the center of the optical axis as disclosed in 
Japanese Patent Application Laid-open No. 6-53120, With 
out being limited to only the linear polariZed illumination 
(S-polariZed illumination) adjusted to the longitudinal direc 
tion of the line pattern of the reticle R. In particular, When 
the pattern of the reticle R includes not only the line pattern 
extending in one predetermined direction, but the pattern 
also includes the line patterns extending in a plurality of 
different directions in a mixed manner, then it is possible to 
obtain the high image formation performance even When the 
numerical aperture NA of the projection optical system is 
large, by using, in combination, the Zonal illumination 
method and the polariZed illumination method in Which the 
light is linearly polariZed in the tangential direction of the 
circle having the center of the optical axis, as disclosed in 
Japanese Patent Application Laid-open No. 6-53120 as Well. 

[0078] The present invention is also applicable to a tWin 
stage type exposure apparatus Which is provided With tWo 
stages capable of moving independently in the XY direction 
While separately placing processing objective substrates 
such as Wafers. In this case, the exposure apparatus is 
constructed so that the liquid immersion exposure can be 
performed on each of the substrate stages, Wherein the 
electricity removal unit as explained in the foregoing 
embodiment may be provided for each of the stages. The 
structure and the exposure operation of the tWin-stage type 
exposure apparatus are disclosed, for example, in Japanese 
Patent Application Laid-open Nos. 10-163099 and 
10-214783 (corresponding to Us. Pat. Nos. 6,341,007, 
6,400,441, 6,549,269, and 6,590,634), Published Japanese 
Translation of PCT International Publication for Patent 
Application No. 2000-505958 (corresponding to Us. Pat. 
No. 5,969,441), and Us. Pat. No. 6,208,407, contents of 
Which are incorporated herein by reference Within a range of 
permission of the domestic laWs and ordinances of the state 
designated or selected in this international application. 

[0079] As disclosed in Japanese Patent Application Laid 
open No. 11-135400, the present invention is also applicable 
to the projection exposure apparatus Which is provided With 
a Wafer stage that is movable While holding a processing 
objective substrate such as a Wafer, and a measuring stage 
that is provided With measuring sensors for measuring 
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various types of data in relation to the exposure, the mea 
suring stage being movable independently from the Wafer 
stage. In this case, the electrode member for removing the 
electricity may be provided on the measuring stage to 
remove the electricity from the liquid 7 Which is retained 
betWeen the measuring stage and the projection optical 
system PL. 

[0080] The Way of use of the projection exposure appa 
ratus of this embodiment is not limited to the projection 
exposure apparatus for the semiconductor production. The 
present invention is also Widely applicable, for example, to 
the projection exposure apparatus for the liquid crystal for 
exposing a rectangular glass plate With a liquid crystal 
display device pattern and the projection exposure apparatus 
for producing a thin ?lm magnetic head. 

[0081] The reticle or the mask, Which is to be used for the 
device-producing projection exposure apparatus for produc 
ing the semiconductor element or the like, is produced, for 
example, by the projection exposure apparatus using the far 
ultraviolet light beam or the vacuum ultraviolet light beam 
in some cases. The projection exposure apparatuses accord 
ing to the respective embodiments described above are also 
appropriately usable in the photolithography step of produc 
ing the reticle or the mask. 

[0082] Further, it is also alloWable to use the high har 
monic Wave obtained such that the single Wavelength laser 
in the infrared region or the visible region, Which is oscil 
lated from a ?ber laser or a DFB semiconductor laser as an 
illumination light beam for the exposure, is ampli?ed With 
a ?ber ampli?er doped With, for example, erbium (Er) (or 
both of erbium and ytterbium (Yb)), folloWed by being 
subjected to the Wavelength conversion into the ultraviolet 
light beam by using a nonlinear optical crystal. 

[0083] The projection optical system PL may be any one 
of the dioptric system, the catoptric system, and the cata 
dioptric system. As for the cata-dioptric system, it is possible 
to use an optical system in Which a plurality of dioptric 
optical elements and tWo cata-dioptric optical elements (at 
least one of them is a concave mirror) are arranged on an 
optical axis extending in a straight line Without being bent, 
as disclosed, for example, in Us. Pat. No. 5,788,229. In the 
case of the projection exposure apparatus having the cata 
dioptric system disclosed in this United States patent docu 
ment, the optical element, Which is disposed most closely to 
the Wafer, i.e., Which makes contact With the liquid, is the 
catoptric optical element. The contents of this U.S. Pat. No. 
5,788,229 are incorporated herein by reference Within a 
range of permission of the domestic laWs and ordinances of 
the state designated in this international application or the 
state selected in this international application. 

[0084] The projection exposure apparatus according to the 
embodiment of the present invention can be produced such 
that the illumination optical system and the projection 
optical system, Which are constructed of a plurality of 
lenses, are incorporated into the main body of the exposure 
apparatus to perform the optical adjustment; the reticle stage 
and the Wafer stage, Which are constructed of a large number 
of mechanical parts, are attached to the main body of the 
exposure apparatus to connect Wirings and pipings thereto, 
the pipings (for example, the supply tubes and the supply 
ports) for supplying and recovering the liquid are installed; 
and the overall adjustment (for example, the electric adjust 
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ment and the con?rmation of the operation) is performed. It 
is desirable that the exposure apparatus is produced in a 
clean room in Which, for example, the temperature and the 
cleanness are managed. 

[0085] As shoWn in FIG. 7, the microdevice such as the 
semiconductor device is produced by performing, for 
example, a step 201 of designing the function and the 
performance of the microdevice, a step 202 of manufactur 
ing a reticle (mask) based on the designing step, a step 203 
of producing a substrate as a base material for the device, a 
substrate-processing step 204 of exposing the substrate With 
a pattern of the reticle by using the exposure apparatus of the 
embodiment described above, a step 205 of assembling the 
device (including a dicing step, a bonding step, and a 
packaging step), and an inspection step 206. 

[0086] The present invention is not limited to the embodi 
ments described above, Which may be embodied in other 
various forms Without deviating from the gist or scope of the 
present invention. 

[0087] According to the projection exposure apparatus of 
the present invention, it is possible to remove the electricity 
from the liquid to be used for the liquid immersion method. 
Therefore, it is possible to avoid the malfunction of the 
apparatus and the destruction of the circuit pattern Which 
Would be otherWise caused by the electric discharge of the 
charged liquid. Further, according to the projection expo sure 
method of the present invention, the exposure can be per 
formed Without causing the destruction of the circuit pattern 
and the malfunction of the apparatus, because the electricity 
is removed from the liquid to be used for the liquid immer 
sion method. Further, according to the method for producing 
the device of the present invention, neither destruction of the 
circuit pattern nor malfunction of the apparatus is caused. 
Therefore, the yield is improved When the device is pro 
duced, and it is possible to maintain the high processing 
ability. 

What is claimed is: 
1. A projection exposure apparatus Which transfers a 

pattern formed on a mask onto a substrate through a liquid, 
the projection exposure apparatus comprising: 

a projection optical system Which projects an image of the 
pattern onto the substrate; and 

an electricity removal unit Which removes electricity from 
the liquid to be supplied to a space betWeen the 
projection optical system and a surface of the substrate. 

2. The projection exposure apparatus according to claim 
1, Wherein the electricity removal unit has an electricity 
removing ?lter Which is provided in a How passage of a 
liquid supply piping for supplying the liquid to the space 
betWeen the projection optical system and the surface of the 
substrate, and Which is grounded. 

3. The projection exposure apparatus according to claim 
2, Wherein the electricity-removing ?lter is formed of a 
conductive metal foam. 

4. The projection exposure apparatus according to claim 
2, Wherein the electricity-removing ?lter is formed of a 
conductive mesh member. 

5. The projection exposure apparatus according to claim 
1, further comprising a liquid supply unit Which supplies the 
liquid to the space betWeen the projection optical system and 
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the surface of the substrate, Wherein the liquid supply unit is 
provided With the electricity removal unit. 

6. The projection exposure apparatus according to claim 
5, Wherein the projection exposure apparatus is a step-and 
repeat type projection exposure apparatus, and the liquid 
supply unit supplies the liquid in a direction in Which the 
substrate is subjected to stepping. 

7. The projection exposure apparatus according to claim 
5, Wherein the projection exposure apparatus is a step-and 
scan type projection exposure apparatus, and the liquid 
supply unit supplies the liquid in a scanning direction. 

8. A projection exposure apparatus Which transfers a 
pattern formed on a mask onto a substrate through a liquid, 
the projection exposure apparatus comprising: 

a projection optical system Which projects an image of the 
pattern onto the substrate; and 

an electricity removal unit Which removes electricity from 
the liquid intervened betWeen the projection optical 
system and a surface of the substrate. 

9. The projection exposure apparatus according to claim 
8, Wherein the electricity removal unit has an electrode 
member Which is provided in an optical element of the 
projection optical system opposed to the substrate. 

10. The projection exposure apparatus according to claim 
9, Wherein the electrode member is an annular conductor 
Which is provided on the optical element in coaxial With an 
optical axis of the optical element. 

11. The projection exposure apparatus according to claim 
8, further comprising a liquid supply piping for supplying 
the liquid and a liquid recovery piping for recovering the 
liquid, Wherein the electricity removal unit has an electric 
ity-removing ?lter Which is provided in at least one of a 
supply port of the liquid supply piping and a recovery port 
of the liquid recovery piping. 

12. The projection exposure apparatus according to claim 
8, further comprising a liquid supply port for supplying the 
liquid and a liquid recovery port for recovering the liquid, 
Wherein the electricity removal unit has at least one of a 
supply port Which is made of a conductive material and a 
recovery port Which is made of a conductive material. 

13. A projection exposure method for irradiating a mask 
With an exposure light beam and projecting a pattern formed 
on the mask onto a substrate through a liquid With a 
projection optical system, the projection exposure method 
comprising: 

a step of removing electricity from the liquid; and 

a step of supplying the liquid to a space betWeen the 
projection optical system and a surface of the substrate. 

14. The projection exposure method according to claim 
13, Wherein the step of removing the electricity is performed 
prior to the step of supplying the liquid. 

15. The projection exposure method according to claim 
14, further comprising making the liquid to pass through an 
electricity-removing ?lter in the step of supplying the liquid 
to the space betWeen the projection optical system and the 
surface of the substrate. 

16. The projection exposure method according to claim 
15, Wherein the electricity-removing ?lter is provided at an 
end portion of a liquid supply tube for supplying the liquid 
to the space betWeen the projection optical system and the 
surface of the substrate. 
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17. The projection exposure method according to claim 
13, further comprising causing the liquid, supplied to the 
space betWeen the projection optical system and the surface 
of the substrate, make contact With a conductive member in 
the step of removing the electricity from the liquid. 

18. A method for producing a device, comprising a 
lithography step, Wherein the projection exposure apparatus 
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as de?ned in claim 1 is used to perform exposure in the 
lithography step. 

19. A method for producing a device, comprising a 
lithography step, Wherein the projection exposure apparatus 
as de?ned in claim 8 is used to perform exposure in the 
lithography step. 


